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27 in number, to October 1, 1936. No changes have been made from the 
original wording of the decisions; a few editorial changes in titles of 
decisions and in the wording of the footnotes have been made, as well as 
some alterations and additions to the wording of the err reve ory natter 
following each decision, 


INTRODUCTION 


Organization and Scope of Mine Safety Board 


Minine men and State officials in their offorts to make mining safer 
are confronted from time to time with various complicated questions. In 
recent vears these questions have tended to incrcasc with the. use of me- 
chanical appliances, Twenty-five years ago electricity had been used tut 
little in mines; today there is practically no other means of transmitting 
power emploved in American mines, except that in metal mines compressed air 
is used, chiefly for drilling and for operating small portable hoists. In 
coal mines there has been a great increase in mechanization, which tends to 
concentrate the work of production in small areas and to increase the local 
difficulties of ventilation; also, it has intensified locally the hazard 
from coal dust as well as firedamp in bituminous and subbituminous mines, 


The answers to the aucstions that arise are not always obvious, as is 
shown by the fact that even able, experienced men differ in their opinions 
of the best way to overcome a particular mining hazard. The difficulty of 
solving the problems is also demonstrated by the varying provisions in 
mine-safety rules, both in official regulations and in tho rules of those 
mining companies that are cndcavoring to do more than follow the letter 
of the law. Such differences of opinion as to the best way of meeting a 
difficult situation are often found within the same mining organization, 
and, similarly, varying opinions are held by different members of the 
Bureau of Mines staff. 


To reduce differences of ovinion and to obtain a generally acceptable 
decision on any question, a Mire Safety Board was established by the eeu 
of the Bureau of Mines by order dated May 20, 1924 (effective June 1, 1924 ) - 


**¥to consider questions arising within any divisions 
of the Bureau that require a definition of the Bureau's 
collective opinion as to safety practices, safety devices, 
or safety metnods for underground operations or open-pit 
Mining. eee... The approve decisions shall form the 
basis of teaching and policy for the Bureau. 


Increased Scope of Mine Safety Board's Activities, Order of October 1, 1936. 


The scope of the Buard's activities was increased by an order of the 
Director of the Bureau of Mines, effective October 1, 1936, as Follows: 
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It shall consider questions referred to it by the 
Director or branch chiefs that, require definition of the 
Bureau's collective opinion as to safety practices, safety 
devices, safety methods, and related matters pertaining to 
health and safety. It shall make formal minutes of its 
decisions and report them to the Director for approval or 
disapproval. ‘he approved decisions shall form the basis 

of teachinz and policy for the Bureau. 


The decisions so far made for public issuance relate chiefly to quest:. 
on which there have been the greatest differences of opinion and to the te:: 
method of meeting certain special or new dangers. Other decisions will be 
rendered from time to time. Recommendations of Bureau engineers have alre:: 
been issued on many general mine~safety problems, tho answers to which are 
Obvious or on which there is practical agreement among mineesafety men. — 
These recommendations are contained in various publications of the Bureau; 
and while these publications have been issued with the Bureau's sanction, 
the thoughts expressed in many instances are those of the individual author 
or authors rather than of the Bureau of Mines as an organisation. 


The wording of the decisions makes their application largely self- 
evident, but a certain amount of additional explanation is given as to 
the detailed purposes and reasons for which they have been formulated, | 
411 the points of practice covered by the decisions were brought out in 
a study of reports, made for and by the Bureau, of mine fires, explosions, 
and general accidents in mines, As previously mentioned, it was found that 
the different members of the Bureau staff did not always agree as to the 
best method to recommend for technical handling of a specific complicated 
“problem, Such questions as affect fundamental policies of the Bureau on 
safety technology are referred to the Mine Safety Board, the members of 
which attempt to reach a common opinion. 


Whenever practicable, a tentative decision that has been reached 
unanimously by the Mine Safety Board is submitted to members of the Burem 
staff at the stations and in the field. Their comments are considered and 
may lead to changes in the draft. The final draft is submitted to the 
Director of the Bureau; if the recommendation is approved, it becomes the 
decision of the Bureau on the specific Sarre involved and is binding 
on all Bureau personnel. 


' The 27 decisions formulated up to October 1, 1936, are presented in 
the order of their approval. ‘Ths reasons are given for the formulation of 
each decision, and the application of each when not obvious is explained. 


Many of the decisions relate specifically to coal mining because of 
its mumerous and special hazards due to inflammable gas and dust. Others 
apply especially to metal and other mineral mining, and a few are particu 
larly related to the driving of long tunnels. But so far as practicable, 
the wording of the decision is general rather than specific and is made 
applicable to as many kinds of mining as possible, 
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The order in which the different decisions upnvear has no significance 
* as to relative importance. The decisions were made as the specific ques~ 
“tion or questions to whicn they relate were submitted - generally by field 
“ representatives of the Bureau — to the higher officials of the Bureau. 


Definition and application of term "permissible" 


In the Bureau's efforts to increase safety in mines that require various 
materials, appliances, and methods of using them, tnere were devised certain 
tests and specifications waich, if met, entitle the manufacturer to state 
- that such materials and expliances are approvid hy the U. S. Bureau of Mines 
“and are "“permissibls" for use in mines under the linitations prescribed in 
: the approval. For machinery, apnaratus, devices, eitc., this is indicated 
: by an approval plate attached to the article and for explosives may be 
. printed on the wrapper, 


: Many of the "permissible" articles, such as miners! lamps, rescue ap- 
© paratus, mactiinery, and eppliarnces using electric power, and materials, 

3 such as "permissible" explosives, are of special use in underground work 
ings having asmosnheres thit may be explosive by reason of the inadvertent 
presence of inflammable gas or coal dust. 


Additionally, for erynmple, "permissible" explosives must not produce, 
- in the Bureau tests, more than a specified anount of toxic gas per unit of 
- explosives gas-testing lanps and devices must be eccurate within specified 
. Limits as well as safe in use in explosive atmosphcres; and breathing ap- 
- paratus and gas masks must assure an atmosphere for the wearer fit to 
- breathe for a specified length of time, 


"Permissible" has a recommendatory meaning. The Federal Bureau of 
Mines has no mandatory powers. The authority, if exercised, to compel the 
use in underground workings of "permissible" machinery, apparatus, devices, 
and materials in place of ueppnover ones, lies with the officials of the 
respective States, 


Decision 1 3/ Miners! lamps, kind and use of in coal mines 


The United States Bureau of Mines recommends thats: 


lL. In all coal mines the portable lamps for illumina~ 
tion be permissible, portable, electric mine lamps; and also 


ee In places were firedamp or black damp is liable to 
be encountered, a permissible, magnetically locked, flame 
safety lamp for gas detection, or equivalent permissible 
device, be supplied to at least one experienced employee 
in each such place: and 


3. <Any employee before being supplied with a permis~ 
sible flame safety lamp be examined by a competent official 
of the mine to assure the man's ability to detect gas; and 


3/ Approved May 8, 1926. 
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4, A112 coal mines whether classed as nongassy or gassy 
in any part, be supplied with magnetically. locked, permis~ 
sible, flame safety lamps, properly maintained and in suf-~ 
ficient nunter for all inspection purposes, 


Open lamps or so-called "flame safety lamps" of nonpermissible types 
may cause fires or ignite firecamp and coal dust, and manifestly should not 
be used in coal mines. Miners! electric lamps have been so improved in il- 
lumination, convenience, and sufety that it is no longer considered'a hard~ 
ship in mining to use a portable ont electric lamp; in fact, it 
is quite the reverse. 


However, since no approved electric lamp shows the presence of methane 
or indicates oxygen deficiency, at least one experienced employee in every 
place where such conditions are liable to be found should be provided with 

a "permisible! flame safety lamp or equivalent "permissible" device to be 
aa for testing. 


Althouzch a "permissible" flame safety lemp is safe if properly as-~ 
sembled and used, there is a possibility of its being a source of ignition 
of firednmp if the lamp is opened in the mine or the glass broken, or if 
the lamp is struck Dy a sharp point or is moved so rapidly or in an air 
current of such velocity as to cause flame to extend through the gaures.. 
Accordingly, the use of the "permissible" flame safety lamp should be 
limited to gas. testing by competent and erperienced employees, who can de- 
termine with accuracy and safety the percentage of methane in the air in 
excess of 11/2 or 2 percent. The flame safety lamp also indicates serious 
deficiency of oxygen in the surrounding atmosphere. 


Before a snfety lamp is issued by the nan in responsible charge of the 
safety lamps of tne mine, it should be tested in firedamp in an efficient 
testing cabinet to insvre proper assembly and freedom from defects; and at 
@ gassy mine a flame safety lamp should be examined again for defects by a 
responsible topman, who should also examine men for matches and tobacco be~ 
fore they enter, 


Underground employees who work or travel in well-ventilated places 
should be provided with portable "permissible" electric lamps that give 
excellent steady lights; the good illumination these lamps provide, if main- 
tained in proper condition, tends to prevent accidents from falls and other 
hazards, and the equipment itself is free from the danger of ‘igniting gas 
and coal dust.. 


Decision | explosives, kind of and method of use in coal mining 


In the interest of safcty the United States Bureau of 
Mines recommends that for blasting in coal mines, permissible 
explosives, fired electrically, be exclusively used; and that, 
as an aid to blasting, all coal wnich is feasible to cut should 
be cut or sheared, 


ry Approved May &, 1926. | | See PC eg ie ee 
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The foregoing decision has reference to the character of the explosives 
employed for blasting in coal mines. It does not vreclude the use of other 
methods, devices, and appliances for blasting in coal mines (see decision 
12, pel9), which have bcen ap»roved by the Bureau of Mines and placed on 
its “permissible” lists. One of the conditions of "permissibility"of ex 
plosives for use in coal mines is that not more than 1 1/2 pounds shall be 
used in any one shot; another is that it be fired only by the use of 
electric detonators of sturdard make and proper strength. Other conditions 
of "permissibility" are: Proper placing of the drill hole and the use of 
incombustible stemming matcrial tightly tamprd. 


Fuse should not be used for blasting in coal mines; it throws off a 
train of sparks in ournin:, and, under the schedule of tests for determining 
the "rermissibility"” of explosives for use in coal mines, the employment of 
fuse for firing renders tic explosive nonpermissible,. 


' Nonpermissible sxplosives, such as black blasting powder, including 
pellet powder, dynamite, =nd spocial cxplosives that will not pass tho 
Bureau's tests for "rermizsibility", rcadily:imite firedamp and coal dust 
and have been the cause or hundreds of explosions. Complaint is sometimes 
made that "“permissivole" explosives are not efficient because they cannot 
be used efficiently in "blasting off the solids" this practice, however, 
is a highly dangerous one and should not be used, 


_.Where coal is properly undercut, sheared, or overcut bdlasting can be 
done efficiently and safely with permissible explosive. The design of 
coal-cutting machinery has so improved that nearly every condition in 
mining can be met by selection of a suitable cutter and a suitable mining 
method. More than three-fourths of the coal produced in the United States 
now is cut by machines. It is claimed that in some coal beds blasting with 
"permissible" explosives following cutting makes somewhat more screenings 
than if black blasting powder is employed; oven if the claim should be 
correct for special conditions the Bureau believes that no coal-mine 
Operator is justified in taking the chances of an explosion disaster by 
using 2 nonvermissitle explosive, 


Decision 3 2! defining nongassy, slightly gassy, and gassy coal mines 


The United States Bureau of Mines bclieves that all 
coal mines are potentially gassy; but for purposes of ad- 
Ministration in respect to prevention of explosions and 
fires, the Bureau recommends the following classification: 


Class I Coal Mines A practically nongassy mine in which 
inflammable gas in excess of 0.05 


percent cannot be found by systematic 
search, 


5/ - Approved May 8, 1926. | | 
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Class II Coal Mine: A slightly assy mine in which -~ 
(1) Inflemnable gas has been found®/ but 
in amount less than 2 percent in 
still air in any active or unsealed 
ee workings; or 


(2) | Inflammable gas can be found, but in 
'- amount less than 4 percent, in some 
place from which the ventilating cur- 
rent has been shut off for a period 
of l hour; or 


(3) | Inflamnable gas can be foundd/ but in 
amount less than 1/4 percent, in a 
splite/ of the ventilating current; or 


a) Inflammable gas enters a splite/ of 
vent {lating current at a rated/ of not 
more than 25 cubic feet per minute. 


_ @laes III Coal Mines A gassy mine in which inflammable gas is 
found in amount groater then specified 
for a class II coal mine, 


re By employing a Upermissibier flame safety lamp, with flame 


_ drawn low, or by employing a permissible gas detector or 
indicator, or by sampling and analysis of sample with an 
. approved gas analytical apparatus. 
b/: By sampling and analysis or by employing a "permissible" 
gas detector or indicator. 
c/ If but one continuous ventilating current is employed in a 
mine this shall be considered a "split" for the .purpose 
- of this definition. 
af Determined by sampling, analysis, and ventilating~current 
measurement. 


General Notes Regarding Decision 3 


The inflammable gas found in coal mines is, with rare exceptions, met!2" 
fn cdalemining fields where natural gas is found below the coal measures (i: 
lower geologic horizons) by deep wells that penetrate through or near coal 
mine workings, there have been instancés, fortunately of rare occurrence, 07 
leakage from the well into the mine, which have led to explosions in the 
mine,o/ ‘Natural gas is chiefly methane ~ almost always more than 8&5 per- 
cent methane ~ but it usually contains ethane, propane, and traces of butarc: 
therefore, if the latter components are found with methane in mine air, it 
is an indication of leakage, The lower limit of explosibility of methane~3i: 


Rice, G. Se, Hood, 0. Pe, and others, Oil and-Gas Wells through Workat-e 
Coal Reds; Papers and qeeruReeeme Bull. 65, Bureau of Mines, 1913, 
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mixture when there is. turbulance is.5 percent and of natural-gas-air mix~ 
tures with about 10 percent ethane and associated nydrocarbon gises is 4.6 
percent. The limit therefore varies with the character of mixture, 


To determine, under the foregoing specifications, tho classification 
of a specific coal mine in respect to gas, it is advisable that systematic 
testing and sampling of the mine air in each split of the ventilating cur. 
rent be done at least tires times in a period of not less than 7e hours, 
All tests and samples of the mine air, except onc, should show an inflam 
mable-gas content less than the maximum limit of the class to which the 
mine will be assicned. In other words, a tolerance of one test or analysis 
may oc permitted to »rovide for a mistake or a very exceotional occurrence. 


Wnen a new mine is b2ing opened in a con! field where existing mines 
are generally gassy, it is advisable to assume that similar conditions will 
be found in tne new mine; the development and equirment of the mines should 
be based upon the exvectation that it vill be assizned to class III. 


There is no mors dismited question then that covered ty this decision 
as to what constitutes a gassy (or gascous!/ ) mine. Only a few State regu- 
lations give any spocific directions for detormination of gassiness other 
than that of “hether or not approved flame safety lamps are required. 


A coal mine is pop-larly designated a "closed~light® or an "open-light" 
mines | 


Repeated instances of explosion disasters ccused by gas ignition in 
Nopen~light mines" have shown that the term is misleading and dangerous in 
its irylication. Moreover, such a method of rating a mine as gassy is not 
satisfactory, partly because there is such a great difference in other re~ 
quirements - in ventilation, in use of electricity, etc, Also it tends to 
prevert the adoption of the "closed lamp" by many mine opcrators who do not 
like to adnit tnat their respective mines are gassys although this is not a 
good reason why the operator should not take maximum precautions, it is a. 
practical consideration. The Eureau's plan in this decision would avoid 
indefiniteness and confusion by specifying in precise terms what it desig~ 
nates as a "nongassy," a "slightly sassy," and a "gassy" mine. The Bureau's 
specifications are founded on a study of thousands of analyses of samples of 
mine air submitted to the Bureau of Mines laboratory at Pittsburgh. 


Although this decision specifically refers to defining the gassy or non- 
gassy condition of a coal mine, its provisions should also be applied to those 
metal mines and tunnels that encounter inflammadle gas. Although such occur~ 
rences are relatively rare, scrious explosions of gas have occurred in water~ 
supply tunnels drivcn through shales, as at Cleveland, Ohio, and Milwaukee, 
Wis., and several disastrous explosions have occurred in tunneling in ~ 


i) Although the word "gaseous" has been generally used in the United States, 


trassy" is considered by the Bureau as more accurate in meaning and is 
beginning to be more widely used. Literally a "gasoous mine" would be. 
one in which solid mattor is not excavated: whereas a "gassy mine" is 

One in which the presence of gas is incidental to the mining operation. 
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Galifornia. Gas exnlosions have also occurred in sinking shafts for salt in 
New. York and Michigan and for pOtesn Yr Yew Mexico, as well as in operation 
of other noncoal mines in several States. 


Decision 1, 8/ auxiliary fans or blowcrs in coal mines and coursing of air 


In the intsrest of safety, the United States Bureau of 
Mines recommends that auxiliary fans or blowors should not. 
be used in coal mines as a substitute for methods of regular 
end contimous coursins o* the air to every face of the mine, 


The reason for this decision is the increasing use of auxiliary. blowers, 
which in the United States are yearly always electrically driven, as a sub- 
stitute for proper coursing of tne air. Proper-coursing should be obtained 
by. laying out tho mine with double or multiple parallel entries, slopes, or 
rooms, using regularly spaced cut-throughs or erosscuts to provide successive 
new air connections close to the faces being driven and then successively 
qlosing them by stonpings or doors in such manner as to leave only the imer 
cut-throuzgh or crosscut open for air circulationg also suitable splitting of 
the main air currents is essential to proper coursing in practically all 
mines (see decisions 3 and 9). In gassy mines, line brattices should be 
used in each entry, slope, or room, from the last open crosscut to the re 
spective face. MTnere ic great danecr in the use of auxiliary fans that fire 
damp will be accumulated by recirculation of the air ard will be ignited by 
an electrical spark. Further, the auxiliary fan as commonly used ie inter. 
mittently operated ~ that is, operated only when men are in the heading or 
room - and bodies of firedamp may collect during times when the auxiliary 
fan is stopped,Z/ Use of electrically driven auxiliary blowers has resulted 
in a considerable mmber of explosion disasters. a 


The term "auxiliary fant dees not apply to a "booster fan." As here 
used the term "auxiliary fan" applies to a terporary installation that: takes 
only part of the air—current cireuitlo/ as distinct from a "booster fan," 


8] Approvod Jan. 17, 1927. 


Q/ The only justification for the use of an auxiliary fan in a properly-venti- 
lated coal mine is for emergency work, as in driving a crossheading in 
rock to make a connection with distant workings, and where it is too far 
to carry the air properly ty a line brattice. In such use the auxiliay 
fan should be operated continuously 24 hours in the day, the fan and pipe 
frequently inspected, anc the air in the face of the heading tested,, It 
is safer that the fan be driven by comoressed air, but if it is electrics 
ly driven the motor and switches should be of explosion proof type and & 
armored power conductor employed; especial attention should be given to 
thorough insulation of the wiring; and the vicinity further should be 
fireproofed to prevent the possibility of starting a mine fire from 
electrical breakdown or overheating of bearings. . 

10/ Greenwald, H. P., and Howarth, H. C., Recirculation of Air and Mine Gas. 
Caused by Auxiliary Fans used in CoakWMines: Trans, Am. Inst. Min. an¢ 
Met. Eng., vol. 76, 1928, pp. 1646183. Issued also as Tech. Pub. 110, 
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hich is a more permanent installation through which is passed the whole particue 
‘ar circuit of air to increase its pressure (negative or positive) so as to over~ 
ome resistance, with the object of increasing the volume, and (or) forcing the 
ir in adequate amount througa distant workings. 


: The use of a "booster fant is rarely justified. In most installations in- 
-est igated there was recirculation of the air, and where this happens if methane’ 
8 given off in the circuit there is a corresponding increase in gas content in 
“he air circulated. Explosions have resulted therefrom. ‘The best way, which is 
ordinarily sufficient,is to improve airvays and (or) to install a more powerful 
surface fan to obtain adequate pressure and volume of circuits of air throughout 
sne mine. A booster fan installation should be contemplated for ventilating a | 
listant extension of a mine only where it is not practicable to put down a new 
shaft and when, after all has bcen done that is possible to improve ths airwavs, 
she air pressure required would be so high (exceeding 5 inches water gage) as to 
orevent proper operation of the underground ventilating doors. 


Decision 5 tL/ prevention of coal-dust_ explosions by rock dusting 


To prevent the propagation of mine explosions, the United States 
Bureau of Mines recommends rock custing all coal mines, exccnt anthra- 
cite mines, in every part, whether in damp or dry condition. It also 
recommends that rock-dust barriers be used to sectionalize the mine as 

additional defense; but these should not be regarded as a subdstitute 
for generalized rock dusting. 


NOTE: For detailed specifications as to the kind of rock dust, amount 
to use, where to be applied and method of sampling and testing, 
see Bureau of Mines Report of Investigations 2606 and American 
Engineering Standards Committee "Recommended American Practice 


for Rock Dustinz Coal Mines" quoted in Bureau of Mines Informa 
tion Circular 6030. - | 


The rockedusting methodle/ of preventing explosions of bituminous-mine dust 
(anthracite dust was found not to propagate an explosion) has now been accepted 
‘by the chief coal-mining countries of the world. It was recommended after exe 
haustive testing in the Bureau of Mines experimental mine in 1913. The method 
was officially approved by France about 1917. It was officially required by 
Great Britain in 1921, and in Germany in 1926. 


The term "rock-dust barrier," referred to in the above decision, is used to 
designate an arrangement in a coOalemine passageway for holding a specific mass of 
rock dust (the amount varying with the surrounding conditions at the location) 

either in a single container or a group of containers at or near the top of the 
passageway, which, on discharge, will extinguish the flame of a coal~dust explo~ 
Sion that may arrive from either direction along that passageway. Many of the 
types of barriers that have been installed in mines have not been successful in 
tests in the Experimental mine. 


ll] Approved Apr. 7, 1927. 
12/ The use of incombustible dust to neutralize the coal dust was proposed by 


William Garforth in 1891, and testing was begun under his direction in 
1908 at the Altofts Colliery, Yorkshire, England. In the United States, 
testing was begun under the Technologic Branch of the U. S. Geological © 
Survey (later the Bureau of Mines) by G. S. Rice and associates in 1909; 


U. Ss Geological Survey Bull. 425, 1910, reprinted as U. S. Bureau of 
Mines Bull, 20, 1911. 
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A series of tests of various as of Sapeieneia was conducted in the Ene 
mental mine from 1927 to 1931; and, as a result, 13 barriers of specific desiz 
and dimensions are recomended for certain Vocations and conditions. 


. The use of generalized rock éust ing in énerican mines has. grown extensive!: 
since 1925 and has resulted in greatly lessening coaledust explosions and loss ¢ 
life therefrom; but it must be maintained vigilantly or coaledust explosion dis 
asters will occur. One of the problems that has arisen is how to rock dust iz 
trackless passageways used as airways or escaneways. This has been done by 2x: 
of high-pressure rockedusting machines that blow the dust through lLarge-diamete: 
flexible hose extending through a crosscut from the rock—dusting machine, whic: : 
placed on a parallel haulageway. If there is a stopping in tho crosscut, a viz 
with a valve can be vut through it, to which hose connection can be made to tre 
rock~dusting machine, and on the other side by a length of hose extending into = 
trackless entry. Under some conditions it may he necessary to have men carry t: 
rock dust into the trackless passages in bags or buckets and distribute it by hs 


If decision 6 (p.12) is followed, which recommends sealing all parts of 2 
coal mine that cannot te well ventil ated and inspected, thore will be a nininz 
quantity of coal dust to combat in traciless passageways. In intake entries Mt- 
by the working places ‘practically no float coal dust will.be deposited; and in re 
turn-air entries, provided watering is done in the face workings as specified is 
decision 15 (p. 25), only small amounts are likely to be deposited in trackless 
entries at distances of more than a few hundred feet outby the working places. 
Therefore, if accumulations of coal dust are cleaned up in trackless entries at 
the time. the track is removed, thcrenfter-it will require relatively small amex! 
of rock dust to combat later deposited float dust; this can-.easily be distribsie 
by hand, 


Decision 6 ,24/ scaling all parts of a mine that 
cannot be kept well ventilated and inspected | 


In the interest of safety, the United States Bureau of Nines 
recommends that in coal mines all entries, rocms, panels, or sections 
that cannot be kept. well-ventilated throughout or cunnot be inspected 
regularly and thorourhly, or that are not being used for coursing the 
air, travel, haulage, or the extraction of coal, bo sealed by eevee 
fireproof atoppings. | 


In the past the question of advisability, te a safety standpoint, of sec 
ing abandoned or unused places in coal mines has been mich disputed among minig 
men. Some have consiiered that it was highly danzerous.to enclose areas ina 
mine that might fill with a body of gas. ‘The Bureau agrees with this point of 
view, unless the stoppings are strong and fireproof;, and by strong. is meant suf 
ficient strength to: maintain the stoppinss in. place if there should be a heavy 
fall of roof in an empty or partly empty goaf, momentarily compressing the ¢5 
or a gaseair mixturo in the enclosed area sufficiently to blow out a stopping. 


On tho other hand, the cngineors of the Bureau find from extensive experit 
that in large room-and~pillar mines ih which the pillars are either not extractt 
at all or not extracted for a long period, the old areas generally aro not well- 


| Rice, G. S., Greonvald, H. Po’. ovarth, He C., Tosts of Rock-Dust Barriers 
; inthe Experimental Mire: . Bull. 253,, Bureau of Mines, 1932, 81 pp. 
14/ Approved Apr, 26, 1927. oo _ ce 3 
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yntilated and often cannot be properly inspected or ventilated because of piles 
°" fallen roof and dangors of further falls. Furthermore, these regions act as 
aces for accumulating dangerous dust as well as firedamp in caved places. 


| The Bureau believes that the ideal system of room~and»pillar coal mining is 
» take out only a small pcrce-ntage of coal on the advance, less than 20 percent, 
1d then to extract the pillars promptly on a systematic line of retreat for the 
.ole mine or for a large pineol, which may be considered equivalent to longwall 
treating. By using such mzthods there are no extensive areas that cannot be 
omtilated properly, and there is less danger of spontaneous fires, 


Where the workings of cither a metal or coal mine have been connected to an 
ijacent mine, and after mors or less extraction of the mineral in that part of 
1e@ mine the conrectinz workings are not tightly clcsed, strong fireproof doors 
t stoppings should be crectcd in such connections at or near the boundary of the 
ine. The objective of this is to prevent fire or gases from passing from one mine 
9 the otnor. In the case of coal—mine workings that have been connected, these 
toppings should not only be fireproof tut should be strong enough to resist the 
ressure Of a gas or conledust explosion. Explosion tests by the Bureau of Mines 
n the strength of stoppincsL5/ indicate that a nlain concrete slab of sufficient 
hickress to act as 2 flat arch when properly kevred into the ribs and floor probe 
bly is the most practicable form of construction for a firepvroof stopping strong 
nough to resist an explosion of ordinary degree of violence. 


In abandoned dipping mine workings that may fill with water, barrier~pillar 
toppings should be erected to protect lower vorxings. These stoppings may be 
ubjected to a dangerously high water pressure, and to protect against this it 
S necessary to place a pipe fitted with an automatic water release valve through 
me or mcre stoppings. The outlet of the release valve may be connected to the 
rainage system of the mine, If the water carries entrained gas in dangerous 
mounts, a suitable device with pipe connection into a return airway should be 
yrovided to release the entrained zases, 


In abandoned flat workings, where gas under high pressure may be evolved, a 
sipe provided with a manually operated valve and a pressure gage should be placed 
shrough the stopping near the roof for drawing off the gas if the gage indicates 
chat the pressure is rising too hish. If the stopping is not adjacent to a return 
1irway, a release pire should be laid into the nearest return airway. The manual- 
Ly operated valves on the stoppings pipes for release of gas should be locked and 
spened for reduction of pressure only by an.authorized inspector when the men are 
sut of the mine, Alternatively, the gas may be released from within the enclosed 
area, as is sometimes done, through a hole drilled from the surface, with an auto» 
natic relief valve at the top of tho casing of the hole releasing the gas at low 
oressure but preventing air from entering. 


Decision 7;26/ coursing "intake" and Yroturnt 
air currents in separate shafts, slopes, or drifts 
In the interest of safety, the United States Bureau of Mines, 
recommends: 
le That the main intake and main echans air currents in mines 
be in separate shafts, slopos, or drifts. | 


Rice, G. S., Greenwald, H. P., and Avins, S., Concrete Stoppings in Coal Mines 
for ae 4 ra Losions: Bull. 345, Bureau of Mines, 1931, 63 ‘pp. 
16/ Approved Nov. 7 ; 
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2, That the main intake shaft lining be of fireproof constructio: 
and tnere be a minimum amount of inflammable material in or adjacent *: 
the shaft. 


The recommendations in this decision are applicable to any kind of under:-:a 
Mining. Bureau of Mines engineers engaged in mine-recovery operations durineé 6r 
following fires in coal and metal mines have experienced great difficulty in re 
storing ventilation and copin:s with haznrdous conditions caused by placing ths 
"intake" and "return" currents, scnvaratcd only by a partition, in the same mir: 
Opening. Even if the partition is fireproof and remains essentially intact, “:8 
smoke and fumes at the bottom of the shaft or slope will work around into bott 
compartments almost inevitnrbly. Also, entrance at the surface to either comp::t 
ment may be made impossible by flame or smoke. 


If a strong explosion in a coal mine reaches a shaft in which a partitioz 
separates the intake and the return currents, the partition, even though made of 
concrete, is sometimes blown out because of the unbalanced explosion pressures : 
the separatcd compartments of the shaft. 


Generally the to commartments in the same mine opening have been used te- 
cause they were convonient and possibly reduced the initial expense of openizz :. 
mine; but such considerations should have no place in the development of a mire, 
the lifetine of which may be many years, 


A fireproof lining in the main intake shaft is recommended to provide a ss‘ 
means of exit in the event of an explosion or fire. In the greatest mine-—fire 
disaster that has occurred in this country, the Cherry (I11.) mine fire (190°) 
in which 259 men were killed, the underground fire that ignited the lining of ti 
intake shaft was short-circuited to the return hoisting shaft and thus prevenie- 
the escape of most of the miners. 


The best practice today is to have at least three shafts or other openinzs 
with fireproof lining and to have the main hoisting shaft nearly neutral, with 
just enough of a fresh—air intake split to keep it properly ventilated. 


It is advisable that there be a distance of at least 200 feet, or as much 
more as required by State regulations, between the intake shaft and the return 
shaft and that in this space and (or) immediately adjacent to the shaftsno strict 
tures of combustible material should be built or electrical transformer erecte 
or combustible material stored, 


| Decision g 17/ definitions used in coalemine ventilation regulations 
but_ that may also be applied to vontilation in mot&l and other mines 


The United States Bureau of Mines rocommends that in mine ventils- 
tion the following definitions be used: 


1. The term "intake air" and the term "return air" without 
qualifying adjectives shall be used only to define mechanical move- 
ment of the air respectively in an invard or outward direction with 
reference to the mine as a whole or to any one group of workings, 


2. When health and safety are concerned, the term "pure intake 
air" shall mean ~ | 
(a) Air which has not passed through or by any active work 
ings, and (or) | 


17/ Aproved Feb. 6, 1928. 
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(b) Air which hae not passed through or by any inactive 
workings, unless these are effectively sealed, and 
: (c) ir which is free from poisonous gas and by analysis 
| contains not less than 20 nercent oxygen (ary basis) and not 
over 0.05 percent of inflammable gas. 


In the various State mining codes unquestionably there is mich ambiguity as 
the meaning of different mining terms. ‘Therefore, as ao prerequisita to the 
mulation of revised or now codes, it is advisable to employ specific standar‘- 
id terms. There is particular need of this, as mincrs frequently move from 
16s in one State to another as mines close or for personzl reasons. 


Decision 9 ,28/ quantity and quality of air ne needed _in 


ventilation of coal mines 


The United States Bureau of Mines recommends in coalemine ventiln 
tion practice the following specifications as to unit quantity and 
quality of airs 


le. The quantity in cubic feet of pure intake air eeuaetas per 
‘minute in ary ventilatirg split shall be at least equal to 100 times 
the number of men in that split. 


ee The quantity of air entering each unsealed place shall be at 
least 200 cubic feet per minute and as much more as may be necessary 
properly to dilute ard carry away inflammable or harmful gases which 
may be present. 


3, The air shall be made to circulate cortinuously to the face 
in every unsealed place into which an appreciable amount of methane 
enters. 
4, The air in any unsealed piace shall be Bensitenos unfit for 
“men if it shall be found to contain less than 19 percent oxygen (dry 
basis), more than 1 percent carbon dioxide, or a harmful amount of 
poisonous gas. 


5» If the air in any unsealed place, when sampled or tested in 
any part of that place not nearer than 4 feet from the face and 10 
inches from tne roof, shall be found to contain ~ 
(a) More than 1 1/2 percent of inflammable gas, 
the place shall be considered to be in hazardous con 
dition and require improved ventilation, and 
(o) If more than 2 1/2 percent.of inflammable gas 
is found, the place shall be considered dangerous, and 
only men who have been officially designated to improve 
the ventilation and are properly protected shall remain 
in or entcr said place. 


6. If the air in the split which wentavates any group of workings 
contains more than 11/2 percent of inflammable gas, these workings 
shall be considered to be in a dangerous cordition, and only men who 

have been officially designated to improve the ventilation and are 
properly protected shall remain in or enter said workings, 


Approved Feb. 13, 1928, 
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This decision, while made primarily for coal mining, contains specificati: 
also applicable to other kinds of mining; it recommends provisions for the mins: 
quantity of pure air to be furnished to each miner and the minimum velocity 0: 
current in each unsealed place in the mine, the maximum allowable chee ia: 4 
poisonous and inflammable gases, and the amounts of these that are so dangerc:: « 
to call for the withdrawal of men from the respective parts of the mine. 


The first provision calls for the :stomary State regulation for a minirz: 
100 cu. ft. of air per min, to be furnished to every man, but as meacures ine: 
ventilating split instead of, as in common practice, measured at the foot of ‘ 
intake shaft or mine entrance. It has been found that there is always a ie 
or shortecircuiting of air at doors and stoppings, and in some mines only a s-. 
part of the intake air reaches the working faces, 


The second provision in effect calls for a minimum quantity of air currett 
not only in each activo working place but also in every unsealed place. 


The third provision calls for circulation of air in each place, whether «! 
or inactive, to the face or end to insure Beainey accumulations of gas in any rz 
of an unsealed place, 


The fourth provision specifies the requirements of air suitable for breatti: 


The fifth provision specifies a hazardous or dangerous percentage of inflo- 
mable gas in the air in an unsealed placo, also where and how the tests are to % 
made to determine the volume of a body of an accurmlated gas mixture. 


The sixth provision specifies tho porcentage of inflanmable gas in a vertie 
lating split that constitutes such a hazard that miners should be withdrawn ant 
kept out of that split until the Seneer ous. conditions have beon removed by it- 
proved ventilation, 


The foregoing provisions for continuous circulation of air to the faces pre 
suppose that mining officals obey the mining regulations of the respective State 
in which the mine undor consideration is situatod and in addition that they fol- 
low the best practices in coal-mine ventilation such as - | 


(a) Coursing air by moans of double or multiple éibeiee and paral 
lol rooms, also along connected faces and break lines (sec also pe 10.) 

(b>) Employing crosscuts betwoon the double or multiple entries at 
specified intervals, 

(c) Erocting stoopings or doors in every crosscut except the one 
nearest the head of the respective entries or rooms, | 

(a4) Employing the best type of stopping, which according to the 
better State regulations, must be built of incombustible material in 
crosscuts of the main or more permancnt openings, - 


The character of stoppings other than in the main-entry crosscuts is not 
usually specified in the State regulations, ‘but it is good practice to use im 
combustible material — preferably massive concrete ~ for all main stoppings. 1% 
room crosscuts, gob walls or dirt filling is usually sufficient if kept tight, = 
tight board stoppings, preferably gunited or plastered, may be used: but curts::§ 
should not be used except in connection with line brattices extending beyond the 
last open crosscut, because of safety and. efficiency. Check curtains in the newt: 
of a group of rooms to prevent shortecircuiting of the air current is proper 
practice, but the curtains should be kept in good repair. Curtains and line 
brattices should be chemically treated to render them fire-resisting. 
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The character of the doors used for directing tne ventilating current and 
.eir operation are specified in some of the better State regulations, but the > 
scessity of having doors in duplicate or triplicate between the main intake and 
sturn of the whole current or main splits is not specified, althougn this is in 
scordance with the best practice. The Pennsylvania mining law requires that where 
.ere is a door on "an; incline plane or road whereon haulage is done by machinery" 
i extra door shall te rrovided for use in case of necessity; also, wherever a 
“incipal door is placed, -n cxtra door shall be provided to be used in case of 
scessity. (Art. IX, sec. &, Pennsylvania Bituminous Mining Laws.) 


The character of tre cvarcasts is specifie? in some of the State regulations, 
it the advisability of employing "overcasts" or "undercasts" in place of doors 
1erever practical to do so is not emphasized as it should be, except in the case 
* Pennsvivania State mining laws applying to certain conditions, as follows; "In 
rery slice ve with workings on both sides, an overcast and an undercast *** shall be 
-ovided as a passageway for the use of employe*s to cross from one side to the 
sher™ (Art. VI, sec. 5)3 and in gassy mines, "the return air from each split where 
‘com 7O to 90 persons are employed shall te conducted by an overcast into the return 
irway, which shail lead to the main outlet (ait. IX, sec. 1); also, "in every mine 
ll new air brides, overcasss, or undercnsts sinll be substantially built of mason- 
7, concrote, or other incomoustible material of ample strength, or shall be driven 
1rough thc solid strata" (Art. IX, sec. 7). 


: In gassy mines, line brattices should be used in headings and rooms to carry 
1e ventilating current close up to the face. 


Ventilation regulntors are necessary to proper avportiorment of the ventila~ 
ing current in the different splits. MTheoreticelly, if the splits are laid out 

2 that the resistance to the movement of the air in each is identical, there would 
eno need of regulators, which cause a loss of power; but while their employment 
10ould be minimized by changes from time to time in the splitting of the air cure 
ent, the irreguiar advance of workings in a mine of large production capacity 
ecessitates some extent of use. | 


; The number of men on any one split of air is specified in most State regula~ 
ions; this number ranges from 45 to 100 persons pernitted to work in one continu- 
us air currert or split. With adequate ventilation as specified in this decision, 
ased on the rumber of men and the inflammable gas content, 75 appears to be a con~ 
ervative figure vo adopt (where not in conflict with State regulations) for the 
umber of men employed on one continuous air current. 


Decision 10 ag) providing ways of escape from a mine 
or part of a mine 


Tne United States Bureau of Mines, in the interest of safety in 
all underground mines, recommends that 


1. very underground mine shall have two or more ways of ese 
cape to the surface, so arranged and equipped that men can escape 
quickly e 

2. Such ways of escape shall be so separated by at least 50 
feet of natural ground throughout their length that damage to one 
from any source shall not thereby lessen the effectiveness of the 
other as a means of escape. 


3] Approved Aug. 19, 1928. | 
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3. (a) Where the way of escape is a shaft which is steeper tha: 
450 from the horizontal, it shall have incombustible walls or 
lining and contain no fire hazard from the surface to the lowest 
level. 


(>) Where the way of escape is a drift or slope which is 
inclined less than 45° from the horizontal, the incombust ible 
walls, or linins, ard freedom from fire hazard shall extend at 
least 2CO feet from the entrance. 


4, Where but one way of Oscape has inconbustible walls or linings, 
it shall be the normal intaxe airiay. 


5. Not more than 10 men shall be employed in any part of a mine 
on any one shift until a second wny of escape from that part has been 
provided. | 


Decision 10 is intended to apply to any kind of underground mine, 


The first provision is one that is to be found in virtually all State miztz 
codes, Since the establishment of the Federal Goverrmment mine~safety work in l-. 
there have been numerous accidents in places from which men were unable to escsr: 
because there were not adequate arranecments for their getting out quickly, as * 
hoist in a shaft over 300 feet in depth, or because escape passages were not fFe-! 
timbered, free of debris, and ventilated by intake air currents. For recommerts- 
tions regarding main intake and return air currents to be in separate shafts, 
slopes, or drifts and the main intake shaft lining to be of fireproof construct 
see decision 7. Passages leading to escapeways should be adequately supplied #: 
direction signs. 


The second provision is to establish a minimum distance between ways of es- 
cape to insure that a fire or explosion that blocks one way would not, at the so 
time, make the other means of escape difficult or impossible of access. For 
recommended minimum distance between main intake and return shafts see decisio: © 


The third provision relntes to making fireproof the shaft, drift, or slope 
used as an escapoway, the obvious nurpose of vhich is to prevent the respective 
linings from getting on fire and cutting off the escape of men in the mine. 


Toe fourth provisicn is to insure that, where only one oscapeway is fire- 
proofed, it should be used as the intake entrance of the mine. ‘This provision i 
also covered in a diffcrent manner by the second clause in decision 7. 


The fifth provision prevents the employing of any considerable group of m5 
in any part of any mine where ther2 are not two ways of escape, and limits the 
group +6 10 men on any one shift exposed to a hazard until a second way shall he: 
been made by sinking shafts or slopes or driving drifts or crosscuts from the st 
face or from other workings, 


Decision 11 ,20f coursing ventilating currents in 


coal mines with reference. to haulage and hoisting 


In the interest of safety, the United States Bureau of Mines 
recommends that in coal mines, haulage and (or) hoisting be kept 
in intake air as far as possible. 


The aivisability of this recommendatory decision has been indicated by mary 
reports by Bureau of Mines engineers on mine explosion and fire disasters, Since 


O/ Approved May 1, 1929. 
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e general introduction of "permissible" miners! lamps and "permissible" explo~ 
‘ves in-gassy and dusty coal mines, and since, on the other hand, the almost 
‘iversal adoption of electricity in this country for underground machinery and 
ulage, the chief cause of explosions in recent years has been electrical. 
thane accumulations have been ignited by electric arcs either at or near the 
rking faces, in poorly ventilated places, and (or) in return airways, and the 
“sulting explosions, often small at the origin, have been spread disastrously 
- coal dust. Although coal dust can be neutralized by rock dust, as specified 
* decision 5, a small percentage of methane in the air greatly increases the 
zara of ignition and propagation by coal dust and may require so large an in- 
‘ease in the amount of rock dust that for high percéntazes of methane in the 
-r current of a gassy mine effective rock-dusting may be exceedingly difficult 
» Maintain. ae 


| The hazard of ignition of gas or coal dust is greatly lessened if all ma- 
\inery and equipment employed in coal mines is a "permissible" kind. © 


|. Trolley locomotive haulage, which is employed so generally, and nonpermissi: 
chines and hoists that cause electric sparks should never be used except in a 
sitive current of pure intake air. 


The fighting of mine fires may be especially difficult and dangerous if tho 
isting and haulage is not done in intake air, and numerous lives have been en- 
angered and many lost through naving haulage or hoisting on return air. 


Decision 12 21/ methods of firing shots in coal mines 


The United States Bureau of Mines, extending Mine Safety Decision 
2, recommends that for blasting either coal or rock in coal mines, "per 
missible"2/ explosives or equivalent permissible device be used exclusiv> © 
ly, and in addition recommends that in blasti 


1. Each charge shall be in a hole properly drilled and stemmed 
with incombustible material. 


2. Each shot shall be fired separately by a permissible single 
shot blasting unit, using an electric detonator or igniting equivalent 
of a kind specified by the Bureau for the particular "permissible" ex- 
plosive or permissible blasting device, 


5e Before and following each shot in gassy and slightly gassy 
coal mines, examination for gas shall S made with “permissible" flame 
safety:-lamp or permissible equivalent,°/ and - 


4, If more than 1 1/2 percent of inflammable gas is found in the 
quantity and by the method specified in Mine Safety Decision 9, a/ the 
place shall be considered to be in a hazardous condition, and before 
another shot is fired the gas shall be reduced by ventilation below 
the percentage and quantity specified in decision 9, 


5. Hach shot employing explosives shall be prepared and fired by 
or under the immediate supervision of a man having a State certificate | 
as a mine examiner, fire boss, or foreman; and,whenever conditions 


21/ Approved Feb. &, 1930. 
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permit, all other men tnan those authorized to prepare and fire shots 
shall be out of the mine when shot firing with explosives ie being done. 


al Any explosive or device that has successfully passed scheduled tests 
and is officially approved by the United States Bureau of Mines is 
termed "permissible," 

b/ Exception: This rule would not apply where shot firing is done 
électrically from the surface when all the men are out of the mine, 

c/ Mine Safety Decision 1 relative to "permissiblo" flame safoty lamps 
Or equivalent. 

a/ Decision 9, paragraph 5, pagel5: If the air of any unsealed place 
when sampled or tested in any part of that place not nearer than 
4 feet from the face and 10 inches from the roof shall be found to 
contain = 


(1) More than 1 1/2 percent of inflammable gas, the place 
shell be considered in a hazardous condition and require improved 
ventilation and « 

(2) If more than 2 1/2 percent of inflammable gas, the place 
shall be considered dangerous, and only men who have been official- 
ly designated to improve the ventilation and are properly protectec 
shall remain in or enter said place, 


This decision, as stated in its opening words, supplements Mine Safety Decisis: 
2, (p.6), which primarily recommended the use of "permissible" explosives, Sirce 
the time of issuing that decision, a blasting device has been tested by the Bures: 
of Mines and determined to be suitable for use in gassy and dusty mines and has 
been termed a "permissible blasting device." This instrument consists of a re 
usable steel cylindrical shell that is chargod with highly compressed or limuefie: 
carbon dioxide and contuins a heating element to be ignited by an electric squib 
within the container. A firing circuit can be established only after inserting 2 
bayonet-locked firing plug in the end of the container. Only a permissible sing:t- 
shot blasting unit should be used for firing. 


Permissible explosives are "permissible" only when used in the manner pre- _ 
scribed in the "Schedule of tests." This decision (12) specifies that permissit:: 
ity requires tho shot holes to be properly located with reference to the Wpurder" 
of the_blast and that the explosive charge be stemmed with incombustible materiel. 
The charge should be fired by electrical detonator, using a "permissible" single 
shot blasting unit, one shot at a time, except in firing electrically from the s- 
face when all men are out of the mine, as is the practice in some of the mines 0 
Utah and in certain other districts. : 


The rapid firing of a sorios of shots in coal mines by shot firers who may °° 
have charged the shots, who proceed from place to place firing groups of shots, 2- 
who do not make any inspections presents » great hazard. When several shots are 
fired in one place, gas may be liberated and (or) coal dust stirred into the air‘; 
the first shots, and a subsequent shot may ignite the dust and (or) gas, as has *:* 
quently happened. 


Furthermore, if onc or mcre of the shots in a face or ree are termed "de- 
pending shots," it is impossible to foresee how much or how little coal is ee. 
out by the first blast, loaving too light a burden for the sccond blast or possi= 
so hcavy a burden that it may cause a blown-ovut shot. No "permissible" explosive 
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Slasting device so far tested and given permissibility is absolutely free under 
conditions of use from the possibility that its flame will extend outside the 

t hole; and if there is inflammable gas in explosive proportions in an amount 
axcess of that given in clause 4 of ‘decision 12, or if a dense heavy cloud of 

+ dust is present, ignition may occur, which may lead to a disastrous explosion. 

10ugh this combination of circumstances is, perhaps, rare, it has occurred and 
occur again if every precaution is not taken. This question is fully dis- 

sed by Harrington and Howell in Bureau of Mines Technical Paper 567. 


Special Conditions That May Require Exceptions to Single Shot-Firing 


Where more shots than one are to be fired in a working place of a mine, it is 
sible that under some conditions special hazards may exist in firing shots 
‘arately and inspecting between shots: in such cases simultaneous, multiple shot 
‘ing may be allowable when permitted by the respective State mining regulations, 
s condition may occur in steeply pitching workings or in working places where 
bursts of gas may be released by shot, or where the roof, draw slate, or coal 
so friable that despite use of usual good timbering methods, falls are likely 
‘occur after a shot, making it dangerous to inspect the roof and to connect the 
-ing leads for the next shot. This possible exception making choice of a lesser 
ard does not mean that the Bureau of Mines recommends similtaneous multiple 
-t firing when it is practicable to e careful. inspection for gas and roof 
ditions before and after each shot. When multiple shot firing is necessi- 
-ed by the conditions, it should be done by firing simultaneously with standard 
ictric detonators. The use either of fuse or of delay-action detonators some~- 
ies termed "delay electric. blasting caps" or of "delay electric igniters", is. 
igerous because of the possibility that a delayed shot may ignite gas or a coal~ 
st cloud thrown out by a previous shot.. . 


No multiple shot-firing device for use in gassy coal mines had been approved 
‘the Bureau of Mines at the time of completing this paper (October 1, 1936), but 
investigation is being concucted to determine the feasibility of Sach a devices 

antime, when multiple, simultaneous shot firing is necessitated by the conditions 
th available multiple shotefiring device should be sclected as will give as low~ 
asion current as possible for firing not to exceed 10 shots at a time, with dura- 
yn of current of the smallest fraction of a second. Under no circumstances shoul 
& power lines be used for igniting shots when men are in the mine. 


In section 1 of the decision (12), emphasis is properly placed on a shot-hole 
ing properly drilled and stemmed with incombustible material, such as clay or 
ale. This applies to blasting with a permissible device as well as with explo-~ 
Ve | | mee pS 


The only blasting device so far (October 1, 1936) approved by the Bureau con 
ins, in addition to liquefied carbon dioxide, a "heating elcment" that might, 
cer certain conditions of imperfect stemming or if the shot hole intersects a 
‘evice or joint plane in coal or rock, produce sufficient external heat to ignite 
ial dust or inflammable gas. In fact, engincers of the Bureau have observed in 
‘rtain instances an "illumination" from shots made with this blasting device. 
reover, the sudden release of high-pressure gns,- whether it be carbon dioxide or 
‘rer gas (or air recently tried in blasting devices as yet not tested by the 
ireau) might, under exceptional conditions, produce sufficient heat by idiabatic 


7 Various conditions are considerod by Bureau of Mines TP 567 (1936), Proventins 


Accidents by the Proper Use of Permissible Explosives, by Harrington and 
Howell. 
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compression at some point in or adjacent to the shot hole to ignite a methane=air 
mixture. Hence, the need of incombustible stemming for either blasting devices = 


explosives. 


"Properly stemmed" means tightly tamped stemming. The sisseasite for proper 
stemming of explosives is realized, but it has not always been understood to apr; 
to blasting devices. Tight stemming is nocessary, not only to prevent possible i: 
suance of flame but also ¢Q prevert violent ejection of the shells of the blast: 
device from the hole. a number of accidents have occurred in which men have be 
killed or severely injured by violent projection of the shell. In certain instar:: 
the shell has rebounded from a corner into a crosscut and caused accidents to wer-- 
ers, In one instance, in an Englis:. mine, the shell was shot through the end of: 
steel mine car. Even if the stemming is tamped tizhtly men should retire toa sx: 
distance and out of the line of fire or rebound, to an adjacent working place. °: 
Great Britain, a post, sprag, or other suitable obstruction set up in front of 2: 
blast hole is now required to prevent ejection of the sheil in a dangerous manner. 
Such a method or an efficient shell anchorage within the hole seems advisable in 
addition to stemming, 


Section 5 of decision 12 posounende that the men who fire the shots shall be 
-certified men and that they shall know what each hole contains before firing it, 
either by charging it themselves or having it charged under their immediate super 
vision. It also recommends, as an additional precaution, where tho organization 0: 
the mine and other conditions permit, that shot firing with explosives shall be 
done when all men other than those authorized to fire shot are out of the mine, 


dn alternate safe method is to fire electrically and simultaneously from the 
surface, all shots in the mine, when everyone has left the mine. (See note (b) of 
this decision.) This method has been practiced successfully in coal mines of Uta 
for many yeats, and also in coal mines subject to instantaneous outbursts of carto: 
dioxide in the Gard Basin of France. 


| Decision 13,23/ electrical seatoneat that 
should be used ig coal mines which may become gassy 
The United States Bureau of Mines recommends that when electricity 
is used‘in coal mines rated as gassy 95) or whenever in any mine the at- 
mosphere may become gassy 


1s Electrical eauipment shall be permissible, >/ 


Le sonperm eas yre electrical equipnent/ shall be used only 
in pure intake air, 


3. Slectrical power shall — cut off whenever the air in 
the workings is in a dangerous condit ione/ due to inflammable gas. 


a/ Decision 3 classifies coal mines on the basis of the specific amounts 


of methane found in the mire atmcsphere. See, also, decision 9, 

b/ Anything that has successfully passed scheduled tests and is official- 

ly approved by the U. S. Bureau of Mines is termed "permissible." 

e/ Including trolley wires, trailing cable connections other than throug! 
pernissible junction boxes; and power lines (except armored rubber- 
covered cables thich meet the specifications of the National 
Electrical Code)... 


23] Approved Feb. 8, 1930. = ee a 
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| Decision 8 defines "pure intake air." 
. Hy Decision 9 defines the proportion or amount of gas in a mine 


working which shail be considered dangerous. 


The alarmingly frequent explosions of gas and coal dust, due to electrical © 
‘nition by arcs from trolley wires and bare power lines, that have occurred in 
“al mines in recent years make it highly important that electrical equipment 
“ould be "permissible" when used in any parts of a mine where gas is likely to 
‘ encountered. The Bureau, in its Mine Safety Decision 3, states that in its 
“inion "all coal mines are potentially gassy," but for purposes of administration 
*, respect to the prevention of explosions and fires, it recommends their classi- 

-cation as "nongassy", "slightly gassy", and "gassye" 


" ‘Decision 9 states that if more than 1 1/2 percent of inflammable gas is found 
‘| the air of a place, it is in a hazardous condition; and if more than 2 1/2 per- 
“mt is found, no men should remain in the place except those who are charged with 
“ie duty of improving the ventilation and are properly protected, as by wearing 
‘yermissible" oxygen breathing apparatus and using “permissible” gas indicators 
lat are dependable and accurate, 


If the gas inflow into a coal mine from the surrounding strata were constant 
-1d the workings and other conditions were uniform, provisions for proper ventila~ 
‘Lon could easily be made, except under abnormally gassy conditions, that would 
“irtually insure against cver having a hazardous zas condition in that mine, un» 
ess by breakdown of ventilating equipment, But none of the factors are constant; 
"16 gas inflow changes as the mine faces advance, new fissures carrying gas are en= 
‘ountered,. large roof~falls occur that tap gas "fecders" or force out. gas collected 
na .caved. ground, and the mine workings are constantly changing in shape and candie 
ions, atl of which, in turn,affect the ventilating arrangements. 


; It is, therefore, the opinion of the Bureau that the maximum degree of safety 
‘rom electrical ignition of firedamp.can be obtained by using only "permissible" 
lectrical machinery and other. "permissible" electrical equipment, including locos 
otives, such as "permissible" storage-battery locomotives. The Mine Safety Board 
ecognizes, however, the commercial difficulties of putting the latter recommenda- 
ion into effect, as, for example, in the haulage system of nongassy mines and in 
he intake air of mines rated as gassy. Nevertheless, the Board is emphatically 
if the-opinion that nonpermissible electrical equipment should not be used except 
here~the atmosphere is as free from inflammable gas as is specified for "pure ine 
‘ake .air"-in decision 8, which calls for not over 0.05 percent of inflammable gas 
in "pure intake air." This view is also indicated in Decision 11, "that in coal 
1ining, haulage and (or) hoisting be kept in intake air as far as possible." 


Power cables for underground use in coal mines classed as gassy have not as 
ret been covered by a Bureau of Mines schedule of tests for "permissibility." It 
Ls tentatively recomnended that only those cables termed "armored cables," con~ 
structed in accordance with the specifications of the National Electrical Code, be 
ised, and that the armor shall be electrically continuous throughout and grounded 
‘Tech e Paper 402, pe 5) e& 

Trailing cables ‘also have not been covered by the Bureau of Mines schedule 


*or "permissibility™. Until a Npermissible®™ list for trailing cables is 
ary, Ue. S. Bureau of Mines Safety Rules for Installing and Using Electrical Equip- 


ment in Coal Mines; Tech. Paper 402, 1926, 21 pp. (Sponsored by the U. S. 
Bureau of Mines and the American. Mining Congress.) 
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actablished by the Bureau, the users of "permissible" machinery should employ tke 
trailing cables recommended for the specific "nermissibdle" machinery. (Details * 
the general character, installation, protection, and inspection are given in Tec.- 
nical Paper 402.) In all places where inflammablo gas might be encountered and 
"oermissible" machinery and armored cable are used, the Burcau recommends that 
trailing cables should receive current through "pormissihbls" junction boxes. 


In gassy and slightly gassy mines thero are great hazards in having troller; 
yires or unarmored power lines extend beyond any open crosscuts. Such electric 
vires should not extend into rooms, longwall faces, or pillar workings, or bevon? 
any continuously operated ventilating circuit that is not controlled by effective 
ventilating doors or stopninegs. Curtnins and loose got stoppings or any stopoir: 
or doors that allow air lceakoge should not de considered effective, 


One of the greatest electrical hazards, especially in coal mines, is founc 
mere auxiliary or booster fans or pumps with nonoermissitle motors and connect i>. 
and bare cables are used in workings, either active or inactive, and especially 
there the underground fan or pump has an automatic restarting device controlleé °:: 
a distant switch. the pumps cften are used intermittently and inspected only oc: 
sionally. Numerous disastrous explosions and fires have been caused by such pi: 
installations. ‘The hazard exists whether the pumps or tne fans are in return air 
Or normally on intake air, as falls of roof may brirg down gas or an Open door =2" 
cause gas to accumulate. Where bare power lines are uced instead of armored catl:: 
explosions or fires may be started by an electric short circuit in a line throm 
down by a fall. 


Decision 14,25/ clearance spaces for travel in havlageways, 
shelter holes, and location of trolley and other electrical conductors 


In the interost of safety in coal mining,®/ the United States 
Bureau of Mines recommends: 


Le. ‘That in all haviageways there shall be a continuous space 
for travel on at least one side of the trachway, vith a clearance 
of 30 or more incses from the nearest obstruction to the farthest 
projection of any moving equipment, 


2e That any electric conductors other thin armored cables, tele- 
phone, and low-voltage signal wires shall be placed on the opposite 
side of the haulageway from the traveling space, 


3. That in all haulageways thero shall bo holes that may be used 
for shelter, suitably marked, unobstructed, and not over 60 feet apart 
on the traveling side, not less than 3 feet deep, 5 feet wide, and 6 
feet in height or as high as tne traveling space if that is less than 
6 feet in height. 


4, That at sidings of haulageways the tracxs shall be so placed 
that there will bo a space between them free from obstruction, at least 
4 feet wide between the farthest projections of equipment moving or 
standing on the two tracks, and where necessary, because of conditions 
of roof support, this space may be regardcd as a sudstitute for the 
traveling space, as provided in the precéding sections. 


25/ Approved Apr. 2l, 1970. . 
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5. ‘The provision of traveling space shall be as in (1) where- 
ever practicable; otherwise, tne speed of haulage shall pe Limited 
to 3 miles per hour. 


al The provisions in the above decisions are in general also applicable 
and advisable in metal and nonmetal mines, 


Accidents in havlacewnys duc to switching, spragzing, or coupling, falling from 
“rips, being run over, beirg caught betwecn car and rib or between car and roof, or 
it by runaway cars, cause ov.r one-sixth of the total number of accidental deaths 

-n @Oal mines and a correspcer1iingly large prorortior of total injuries. The group 
-f haulage accidents is larg2r in the agzregate than any group of accidents other 
-han those caused by falls of roof and coal. 


State coal-nining resulitione usually recuire shelter holes on main haulageways 
0 be m-c2 at intervals of 60 to 100 feet, but none of the Stato regulations speci-~ 
y the minimum width of clearance space between the trackway and the rib or the 
loarest obstructicn. Also, many of the State laws de not specify where trolley or 
ower lines should be plaecd in the haulageway; the Bureau makes the definite recom 
‘endation (section 2) that they should be placed on the opposite side of the haul 
@eway from the traveling space. 


Decision 15,£0/ wettine machine cuttings, the face, 
and tops of cars to allay cost dust 


In the interest of safety in coal mining, the United States 
Bureau-of Mines to lessen the coal~dust explosion hazard recommends that; 


1. Machine coal cuttings be wettec as the cutting is being done, 


2. The coal face,and the working place 40 feet therefrom, shall 
be kept free of coal dust by the use of water. . 


: | 3 The tops of loaded cars in the working place shall be wetted, 


Coal dust is inevitably produced in the cutting, blasting, and loading of coal. 
the above recommendations are aimed at wetting, as much as possible, the dust at . 
she point cof its formation in the working places and thus prevent it from rising, 
as dry dust will, into the air and being carried and spread widely by the air cur- 
rent, Except for a slicht overlapping of the methods to be used at or near the 
faces of the mins, this decision is not in conflict with décision 5, which recom 
mends rock dusting of all coal mincs in every vart. In fact, it renders that 
ecommendation less difficult to be carried out because if a smaller amount of coal 
ust is distributod around the mine, less rock dust is required for coal-dust 
eutralization. - He 


Recommencations 2 ard 3, advocating wetting the coal face and tops of loaded 
Cars, can best he effected by having water lines extend to each face and watering 
by hose, cach frce region being kept supplied with suitable hose. It is hoped that 
those wetting solutions that recent tests have indicated to be more effective in 
the wetting of dust than water, and hence require less quantity of liquid, may be 
obtained commercially at a cost that permits substitution for water. 


These recommendations do not apply to anthracite dust insofar as its explosion 
hazard is concerned, because testing has indicated it will not propagate an explo~ 
Sion. However, it was found to be harmful to breathe by the Public Health Service 
(Public Health Bull. 221, December 1935); also siliceous dust is frequently 


26] Approved July 23, 1930. a, 
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associated with the anthracite dust, hence tne recommendad duster.tlayir> meecrs 
will be beneficial in decreasing the anount of dust harmful to breathe in the zx 
of anthracite mine workings, especially in headways driven partly or wholly in» 


Moreover, dust in the air, of whatever kind, materially decreases visibi.:7 
vale this increases the hazard to the mine workers through not seeing a cveates” 'y 
frll of rocf or coal, or in the handling of machinery, or in haulage and other 
hazards in the working place, which lead to so many individual accidents in mise, 
especially in steeply dipping workirgs. 


prereo 16 27/ machine cuttings to be removed in coal sites 


In the interest of safety in conl mining, the United States Burez: 
of Mines recommends that: 


1, Machine cuttings be removed from the cut. 


e. If the machine cuttings are of a character which would com 
tribute to a dust explosion, they shall be sent out of the mine, 


The purpose of having cuttings removed from the machine cut is primarily “0 
prevent coal dust from teing blown around the working place in the blasting of cé 
and, secondarily, to make the blasting more effective and also to avoid the poss: 
bility of causing shots to blow out throuch support of the undercut coal by the 
eittings, The cuttings can be removed without unduly stirring dust into the air: 
the provision of decision 15 of wetting the cuttings before removal is folloei. 


Recommendation 2 applies to bituminous and subbituminous mines. 


Decision 17,287 lessening the formation and 
distribution of coal dust in hanlageways of coal mines 
To lessen the. formation and distribution of coal dust in haulage- 
ways, the United States Bureau of Mines recommends that in bituminous 
and subbituminous coal mines: : 


1, tho mine cars should be constructed and maintained dust-tight. 


a. The coal should be so loaded that it will not shake off in 
haulage. . | a a 


3. The cars and lozds should be so,sprayed as to prevent dust 
being distributed along tho haulageways. 


The recommendations in this decision ‘support those in the preceding decis+o- 
15 and 16. Although considerable dry coal dust is always found at the working * 
even after watering, it is the falling of the coal from cars in haulage and the 
blowing of dust from the tops of loads by the air currents that are largely re- 
sponsible for the wide distribution of coal dust and extensive dust explosions. 


Recommendation 1, calling for tight cars, is aimed at preventing the leaxé 
of coal anc coal dust along the roadways through cracks in car bodies and arowé 
loose-fitting gates, A larga proportion of pit cars in the past, as well as 3: 
present, permit considerable leakage of coal along haulageways. 


Recommendation 2 calls attention to a generally prevalent practice of 1o2¢:: 
cars high above their top rail, so that when the inevitable bumping in haulage 
ef; Approved July 23, 15930. 
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“scurs, the coal is spilled off or the topped coal hits crossbars or a low place 


“. the roof and gets knocked off. Much of this loose coal is ultimately ground to 
ist under the wheels of the cars and by travel of men. 


z The high topping of cars usually is an indication of insufficient car equip~ 
sant or of inadequate facililies for haulage from the working places. Any advan-~ 
‘age of increased outpit from tho individual working viaces by topping is probably | 
smporary and is outweished >» having dirty roadways, hence a liability to haulage 
_>cidents and consequent delays and other costs and an increase of the dust. hazard. 


: Recommendation 3 is ainvd at preventing drv coal dust on the tops of loaded 
ars and in empty cars from oeing blown off by the ventilating current, which is 
scentuated by the "vind" produced in hizhespeed hanlage. 


A recommendation in decision 15 requires that the tops of loaded cars in the 
-rking place be wetted; recommendation % in this decision (no. 17) calls for au» 
matic coraying of the cars. this is accomplished best by overhead sprays, which 
peCmar sar ty overate 28 acoir is hauled into a gathering siding. 


precision 18, 29/ ~</ superintcndents and foromen of 
coal mines saouid have State certificates '3 of competencr 


In the inierest of safety in coal mining, the United States 
Bureau of Mines recommends that: 


1. ‘the foreman regularly in charge of underground operations 
and aiso any Doreen vno, in the atsence of tho foreman, may be placed 
in temporary charge should each have a certificate of competency from 
wae State to act as mine foreman, 


“2. The superintendent or-. ‘person in veeponsibie charge of the 
mine, to whom the mine foreman reports, should have a certificate of 
competency from the State, which should be issued upon a showing of 
underground experience for a period of time as long as that required 
for a foreman's certificate and upon passing an examination including 
all technical questions asked for in the examination required of 
feoremen & 


; 3 These certificates should expire after some stated period of 
° time, sticn as 5 years, and should be renewed only after the Bpps teens: 
has again passed the examination required by the State. 


aj Requirements for forements certificates will cover this provision, 


Experience has shown that while foremen, or mine managers as they are termed 
‘n some States, must have State certificates, it is not always required that those 
ho substitute or are in temporary charge have certificates of competency, This is 
articulariy true of the position of mine superintendent, which in many instances 
.§ filled by a person who is not a mining man and yet is in real charge of the 
jafety of the employees of the mine and therefore should be competent to direct 
safely and efficiently when emergencies arise, such as when, by reason of fires or 
‘xplosions, the mine foreman may be killed or incapacitated or be made unavailable, 
‘arther, where there is no superintendet or responsible top foreman at a mine, but 
omly a mine foreman or underzround manager and perhaps no other employse with a 
Zoremants certificate, the foreman may spend too large a proportion of his time on 
the surface when he should be underground directing his working shift. Mining laws 


23/ Approved Jan. 18, 1932. 
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in a few of the Stctes that have comparctively small mining industries do not re 
quire certification of fire bosses, forezcn, or superintendents; therefore, ix = 
States there is no one at a mine officially responsible for its management, fhi~, 
manifestly, is not a desirable condition so far as safeguarding the lives of mic 
workers is concerned, : 


Decision 19,20/ internal-corbustion engines for mino haulage 


In the interest of safety, the United States Bureau of Mines 
recommends thats 


_1,. -Internal-conbustion engines should not be used in any parts. 
of mines and also shonld not be used in tunnels under construction be- 
cause of the hazard of carton monoxide in the exhaust gases, except ~ 

(a) When the air current is more than 100 linear feet 
per minute and tae toxic gases are always less than 0,02 per~ 
cent in the air current. 

(b>) When the percentage of inflammable gas in the air 
current is less than 0.25 percent and (or) inflammable gas 
cannot be detected in any place by a permissible flame safety 
Lamp, | 
2. Gasoline or other highly inflammable liquids should not be 

used for engine fuel in mines and in tunnels under construction be= 
cause Of the hazard of their transvortation and use, 


Many serious accidents have occurred in mines and tunnels through the use ¢? 
gasoline locomotives, pumps, and underground hoists. In some instances these br: 
‘been caused by explosion of the gasoline, either in filling the tanks of the erzi: 
or in transporting the gasoline underground. <A few years ago a disastrous ex lo- 
‘sion occurred in’a mine in Lorraine, France, when a barrel of bengine (gasolire} 

. fell while being lowered in an upcast shaft, the vapor ignited in some unreporie 
way and the resulting explosion not only srecked the surface plant but caused firs 
underground. 


baa 


. In the past there have been explosions and fires and cases of suffocation 770 
exhaust fumes of gasoline locomotives, pumps, and engines in mines and tunnels iz 
the United States, so that many State laws or mining-—department regulations have 

forbidden the use of gasoline engines in mines, State mining laws of most states 

do not embrace safety regulations for tunnel construction. In driving tunnels °° 
water supply or for general mining purposes in several of the Western States, 22° 
Line locomotives or trucks sometines have been used, the exhaust gases of which 
caused illness and asphyxiation of tunnel workers. 


- It has been supposed by many that there was little hazard in the use of ce: 
‘Tine locomotives or trucks in tunnels of large cross-section: but in some insta” 
there is a small advanco heading in which the gasoline locomotives have been us¢* 
In other instances the construction of the permanent tunnel lining at a greater °: 
less distance from the face requires extensive forms. and staging, usually duilt “ 
wood, which rostricts the ventilation and thus may bring about a dangerous conce" 
tration of inflammable or toxic gases. For example, a gasoline engine might pre 
‘@uecé locally a physiologically dangerous amourt of toxic gases. Furthermore if ‘*° 
Strata give off methane, as coal strata ordinarily do, and as sometimes occurs 
With rock strata, as found in tunneling in places in the Coast Range Mountains 0° 
the Pacific coust, an explosive mixture as methane might collect and might be 
,350/ Approved Jan. 20, 15332. 


' 5537 28 


Google 


Te C. 6946 


ited by sparks from the exnaust of the gasoline engine + hence the specifica- 
ins in the decision rcouiring a positive adequate ventilating current in which 
3 percentage of toxic gases or of inflammable gas shall never be more than the 
spective percentages specified. | 


Diesel mine lLoconotives 


Although in mine and tun:uel haulage it is safer to employ "permissible" store 
2sbattory locomotives, it the ventilation requirenents are met and other precau~ 
ons are taken it appears ‘rom recent European oexpcricnce, to be safe to employ ap~ 
ywed types of Diesel loco. ctives that use a heavy nonvolatile fuel oil, give off 
wtically no carbon mono7id9 in their exhaust. and have spark~ and flamewarrest~ 
devices both in their air intaks and their cxhanst systems .JL/ Such locomotives 
‘7@ been apprcved by the German, French, and Belginn official stations for use in 
ssy mires, None, however, have as yet (October 1, 1936) teen submitted to the 
~S. Buren of Mines for testing for permissibility, and none have teen used in 
lergrouni mines in tue Unitod States so far as known, 


Tais decision does not refer to the use of steam-operated locomotives in mines 
i tunnels. Formerly such squiprent was usec e:sensively in mines in thick coal 
ds in tho Pocanontes region of Virginio and Wost Virginia and also in tunnels 
at were being driven in different parts of the covrtry; but so many accidents oce 
rred from asphyriation, that stean-driven locomotives have not been used for many 
ars except in a few isolated localities. An accident in which several men were 
led by suffocation occurred recently in a mine tunnel in which a steam locomotive 
s used. Even though supposedly adequate ventilation for the tunneling operation 
ent de provided, the steam locomotive would still present the hazard of causing 
‘res by sparke or the dropping of hot ashes and hence should not be permitted in 
‘nes and tunnels, 7 | 


Decision 20 ,32/ ventilation in the development 
and opcration of tunnols, drifts, slopes, and shafts 


In the interest of safety in underground mining, the United States 
Pireau of Mines recommends thats 


While driving tunnels or drifts and sinking or raising shafts 
or slopes, and also in their operation, there should be an adequate 
ventiintings current2/ whersver men work or travel. 


af For definition of an "adequate vontilating current" seo Mine 
Safety Board recommendatory decision 9, 


Before starting a mining or tunneling development, plans and arrangements 
10uld be made for immediate installation of an edequate mechanical ventilation. 
though, under “avorable conditions, tunnels or drifts have been driven and shafts 
r slopcs kavc been sunk many hundred feet while dependence was put in natural 
entilation, in many instances the absence of mechanically produced ventilation 
as led to serious accidents and health hazards, ‘These have been due to inflam 
able, toxic, or unbreathable gas issuing from the strata, to deficiency of oxygen, 
nd most frequently to toxic gases from blasting or to the air=borne dust "mado! 
y almost all types of mining processes. Various natural and mining conditions 
Rice, George S., and Harris, F. E., Diesel Mine Locomotives ~ Development and 
Use in European Coal Mines; Rept. of Investigations 3320, Bureau of Mines, 
November 1936, 52 pp. | | 
2] Approved Sept. 8, 1932. 
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make it unsafe to drive a heading or sink a shaft even a cHeee distance without 8 
positive ventilating current produced by mechanicel means. 


Therefore, whether or not hazards are apparent when an underground develo: 
is begun, adequate ventilating plans should be made and mechanical ventilating =- 
paratus installed before starting. For small shallow shafts or short slopes, sx 
or compressed-air jets placed in upcnast ducts mav be sufficient, but in all lar 
undertakings a reversible centrifvzal fan of ample capacity should be installed 
with a good-sized air pipe or duct or compartment for the intake or return. I:* 
more difficult developments, as in long, single tunnels making much gas, the use: 
double ducts for intake an? return may be advisable, or at.the very least the use 
of a pipe or tube of sufficient cross section to carry an ample air current not = 
to supply the human requirements of sufficient oxygen but also to sweep away ton 
and inflammable cases produced in blasting or that come from the strata penetra: 


The dangers of insufficient ventilation in coal-mine developments, fron anes 
ulated gases and explosions thereof, are understood by experienced mining men, =. 
the danger of encounterirg inflammable and toxic gases or producing harmful duss: 
in tunnels driven through rock or unconsolidated material for water supply, mire 
drainage, or other pyrposes is too often nut provided for, Numerous accidents, 
however, have demonstrated beyond question that gases i losive or dangerous 
toxic proportions are liable to be found in rock CY Also, there have bee: 
many instances of encountering inflammable and toxic gases in reopening old rises 
and in sinking shafts through sands, gravels, or silt as well as through rock for 
mations of different kinds, 


Decision o1 o/ method of setti osts in 
main main havlags 1 WEY g slopes, and inclined shafts 


In the interest of safety in underground mining, the United 
States Bureau of Mines recommends thats 


In slopes or inclined shafts which are so steep that fallen 
material may roll or slide, and in main haulageways, posts sup~ 
porting the roof or sides snould be set in protecting niches in 
the wall. Where this is not practicable, substantial guard rails 
should be placed alone the posts. 


As stated in the decision, in slopes or inclined shafts that are so steep 
that the fallen material may roll or slide, whether these be haulage slopes or * 
clined shafts, posts supporting the roof or sides should be set in protectin 
niches or else placed on substantial side walls, so that if a fall of roof occi 
the rocks displaced will not, in rolling or sliding, dislodge the legs of timber 
sets that support the roof, which might bring down other falls, Extensive falls 
have been caused thus, and in some cases men have been killed or ontrapped in lo? 
workings, 


Mine cars are likely to be derailed in any nine. Sone derailnents may be 
classed as unavoidable because they wero due to the falling of rock or breaking ©: 
a rail, car wheel, or other mechanical part; wealmesses of this kind often have “ 
been digclosed by customary inspection, But whether avoidable or unavoidable, | 
serious accidents may often be prevented if posts directly supporting the roof a- 


33) Harrington, De, and Denny, E. H., Gases that Occur in Metal Mines: Bull. 
Bureau of Mines, 1931, 21 pp. 
34/ Approved Sept. 8, 1932. 
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) sides and the legs of framed sets are 60 placed or recessed in protective 
‘aes in the sides of the haulageway that they will not be knocked out by derail 
te. This may not always be feasible in temporary hanulaseways but wherever prace 
~able should be done in main havlageways, whether level or inclined; where not . 
~ticable to make recesses, as in hard rock, guard rails or continuous heavy 
-nks should be placed alongs the posts and fastened securely to them in such man~= 
.. that derailed cars will. bo funded off and not be likely to pull out the posts 
the legs of timber sets. 


Decision 27 ool sealing or guarding surface openings of mines 


in the interest of safety in underzround mining the United 
States Burean of Mines recommends that; | 


1. All surface openings to underground workings not necessary. 
for the overation of the mine or for escape, which are not adequate- 
ly ventilated, timbered, and regularly inspected, should be kept se~ 
eurely cicsed to px event uniuthorized persons entering and surface 
fires from extending underground: and 


ie 2o All openiness necessary for opevition or escape should be 
guarded asainst the unauthorized cntrance of persons. 


Hundreds of J.ives have been lost and many million dollars worth of property 
~ been destroyed through nezlect to seal the surface openings of abandoned mine 
“kings. Many of these accidents have been due to men entering unventilated work- 
“8 to inspect withvuut proper safezuards, others to trespassers entering to dig coal 
other mineral who ave suffocated because of the ce*iciency of oxygen in the ate 
phere of the mine, or poisoned by breathing air containing toxic gases such as 
-rogen sulphide or carbon monoxide where generated by a smoldering fire in the 
16. Meny children as well as men have entered abandoned workings or old shafts 
“@ spirit of curiosity and have been asphyxiated or killed or injured by falls of 
ff or by their falling down a shaft. 


- The greatest loss of mining property and mineral reserves that occurs when 
“lace openings are left unsealed, is due to fire, In many instances a small neg- 
sted fire hus spread through ea areas of workings. One extensive fire in an 
ianthrocite mine working is said to have started from dumping hot ashes into a 

le at the outcrop. This fire syzead through several hundred acres of old pillar 
rkingS, causei many nouses on the surface above to be abandoned because of gases 

i fumes rising throuch cracks, and was not stopped until it reached a solid coal 
rrier which was deep enough below the surface and which dammed back water cueersne 
om a higher point, 


Wherever beds of coal ontcrop above the ground-water level of the particular 
cality ard there are unsealed openings, fires are liable to occur. Among the 
re general causes are spontaneous combustion in slack piles especially those of 
>bituminous coul and from other surface fires that extend into the mine openings 

set other coal outcrop on fire. In some instances these surface fires have been 

arted carelessly by persons igniting brush or building a small fire in or near 
@ mine opening for heating, and doubtless in other cases the fires have been 
arted maliciously. However, there have been many instances in which lightning 
mited brush or timber, from which a fire might spread into a mine or ignite a 
ial outcrop e 


J Approved Sept. 8, 1932. | a 
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It is evident that the cost of sealins abandoned workinzs is ilusi-nificant 
when compared with the proverty damage that may result from fires ~ apart from iz: 
human toll already mentioned, 


The question arises as to the responsibility for such occurrences. f a pir: 
of any size is to be abandoned, it is usval to take out tne macainery and under- 
ground tracks. After that is accomplished, the surfece openings should be seale: 
by erecting strong brick or stons walls properly plastered or possibly solid co:- 


crete stoppings. Where it is thougat that tne mine mizht be reopened, steel ors 


crete doors should be erected and effectively padlocked. In all cases, the door: 
and frames should be of incombustible material. 


| When it is definitely known that a mine is to be abandoned, before the seals 
are erected it is advisatloe that the roof of drifts and slopes be blasted down <c: 


some distance inside their cntranceway. In the case of shaft openings, if shalio- 


they should bo filled; if deep, a thick reinforced concrete slab can be built 
across the shaft, exteniinzg into the shaft walls for its support. If this is not 
feasible, strong high wall enclosures should be built on the surface around the 
shaft opening. 


Sealing of old workings to prevent mine waters becoming acid 


There is another important advantage in sealing drift or slope openings irto 
old mine workings in which tke waters are acidic and from which water accumulates 
and overflows. It has been found by investigations of the Bureau of Mines that 


acidity of the mine water is largely stopped by excluding the air from the mine «* 


thus preventing oxidation of pyrite, which is practically always found in coal 
Strata. After the mine has been sealed, the entrance of normal subsurface waters, 


which are alkalino, will flush out and (or) neutralize the acid salts already for7* 


The present condition of acid water running out of old coal-mine drifts in some 
parts of the country has presented serious problems of stream and river pollutior, 
notably in Pennsylvania and West Virginia. In some instances the mine owners katé 
been legally compelled to go to heavy expense for construction of diversion dans 
and tunnels .30/ Hence, the scaling of unused mine workings where it lessens the 
acidity of waters flowing from the mine has advantages beside those of safety avi 
prevention of firo loss. 


Concerning the second clause of the above decision, which recommends "all oré- 


ings necessary for operation or escape should be guarded against the unauthorized 
entrance of persons," it is obvious that where the openings are main shafts or 
slopes, they will or should be guarded by officially dssiznated employecs; but at 
Many extensive mines cscapeways or air shafts are situated at long cistances froz 
the main openings. Such distant openings should be suarded by iron doors or su 
stantial iron~barred gates. These should be self-closing and provided with sner 
locks that can be opened quickly from the insice to permit escape or normal exit 
but that require a key for unlocking from the outside. The key or keys for such 
purpose should be in the possession of authorized persone only. 


Decision 23, oL/ checking men into and out of mines 


In the interest of safety in underground mining, the United 
States Bureau of Mines recommends thats: 


Leitch, R. D., A Gonercl Review of the United States Bureau of Mines Stream» 
Pollution Investigations: Rept. of Investigations 5098, 1931, 7 pp. 
37/ Approved Sept. 8, 1932. 
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Bvery underground mine should keep a record in.a safe and 
quickly accessible place on the surface, which will show the 
time when each person goes iftto and when he comes out of the 
mine, and which will also show, insofar as practicable, where 
he may be found while in the mine, 


| The experience of well~organized mining companies has been that it is an ect 

‘tic as well as a safoty mc..sure to make a record on a suitable form of the time 

mm each man enters the mine. It is advisable that this record include the prob~ 

.6@ place or places where tic man will be working during his shifts; but there might 

‘- exceptions to this in the case of foremen or insrectors or other workers who may 
called upon to visit various paris of the mine, There snould also be made on 

i record entry of time when each man comes cut of the mine. 


- One method of keeping sich records is to have thom made by a ‘clerk in or ad~ 
ent te the lamp room where safety lamps or electric lamps are issued. At some 
168 @ man receiving a lamp is given a numbered metal check, the duplicate to which 
-bung on the check board at the sama time. ‘When the man comes out of the mine he 
-Tenders his lamp and checx and the time is n-ted, or should be, on the record, 


At other mines, prnch-clocks are employed to register the time when a man en= 
“gs and.when he leuves the a Also, at some mines, push-pins with numbered 
‘ds corresponding to the men's check numbers are pinned on wall maps of the mine 
athe position cof the respective working place. . 


| Where such records:are kept, if a man should not come out of the mine at the 
| of his shift the unclaimed check would give warning of a possible accident to 
‘1 and a search for him would be made promptly. If the mine were so unfortunate 
“to experience an explosion or fire, an inspection of the record would give know- 
‘lge as to those who might be in the mine and where they most likely could be lo- 
ced by the rescue crews. In somo cases, the checking system has been made inef~ 
itive because the check board containing the record was so located that it was 
‘itroyed ty the force of an explosion in or issuing from the mine, or because the 
‘ord (check board) was cut off from access. through being located in mine workings 
led with smoke and fire zases‘at time of mine fire. For these as well as other 
sons it is desirable that the record be kept ina safe as well as a convenient 
ice on the surface, 


Decision 24 28/ guarding trolley and bare power lines 


In the interest of safety in underground mining, the United 
States Bureau of Mines recommends that: 


lL. Trolley and other bare wires should be adequately suarded 
wherever .the wire is less than 6 1/2 feet above the level of the 
top of the rails 


2. In mines-using loading chutes on one side of the haulage~ 
way, the trolley and other bare power wires should be placed on the 
opposite side and adequately guarded at the chute. 


3. Trolley and other bare power lines should be sectional- 
ized by electrical switches which can be safely handled, at the 
entrance to different parts of the mines; and 


| kKpproved Apr. 11, 1933. : = 
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4, Trolley and other bare power lines should be adequately 

supported by stronz, insulated i.argers so spaced that if a hanger 

a is missing the wires will not sag or shift and thus constitute a 
| hazards : | - : 


Shocks and fatalities from electric power lines in mines have been one 0: 
major classes of accidents in both metal and coal mines, especially in recent ; 
most of these accidents are due to men coming in contact with trolley lines a: 
power lines on haulageways. Altnough it is advisable that separate rassagew:: 
tianways for the travel of the majority of the employees be provided in which 
power lines are safeguarded so as to reduce the exposure of most of the emplor 
to électric shocks, it is difficult to provide separate manways in all parts eq 
mines hence, the advisability of following the specifications for installatior f 
trolley and bare power lines in the above decision. It is important that wher 4 
have to travel in trolley haulage entries in coal mines or levels in metal mire 
that the trolley wire not be carried on the side of the roadway where the nen ‘1 
as stated in decision 14. 


| Many mining men seem to consider that guarding bare power wires, includiz ~* 
. trolley wire, at the main intersections or similar places where mon pass unier :: 
is sufficient protection: but there have boen hundreds of fatal contacts with 1 
guarded bare power wires et other points whcre men moving or coupling cars or I 
_railing them, or the motorman or his helper for some reason or other, have cozt : 
contact with the bare unguarded power wire. Power lines should always have we-. 
_ grounded armored covering and in long-lived entries or levels should be place? = 
recesses in the rib or in conduits buried below the floor level. 


. Numerous metal mines and many coul mines have installed and maintained coz:: 
ous guards for trolley wires, consisting of side boards or split rubber hose, 
throughout the trolley haulage roads and have been amply repaid by the result: 
freedom from accidents caused by contact with the trolley wires. 


Decision 25 39) barrier pillars between adjacent mines 


In the interest of safety 1. underground mining, the United 
States Bureau of Mines recommendss 


1. That every mine contiguous to one or more mines in the 
seme vein or bed should, so far as practicable, have soparate 
ventilation, haulage, and escapeway systems, and the underground 
workings of each mine should te separated by a strong barrier pil- 
lar to prevent a fire or an explosion penetrating from one mine to 
another. Provision should be made to relieve excessive pressure 
of accumulated water on one side of the barrier. 


2. In case mines already are connected and thereafter it is 
practicable to provide satisfactory seperate ventilation, haulage, 
and {or) escapeway arrangements for each mine, a barrier pillar should 
be established and the openings which connect the mines should Tre 
sealed by strong, tight, fireproof stoppings or pack walls. 


3. .The barrier pillar should be maintained intact until the 
workable mineral has been conpletely removed from tne contiguous 
workings; then, if permitted by the respective State requirements 

and property restriction, and if it can be done with safety, market- 
-_. able mineral in the barrier should be extracted. 
,_ Approved Feb. 3, 
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“Many fires in metal mines or the gases and smoke from the fires have passed 
‘one mine to an adjacent mine with disastrous results to life and property. In 
4 mines similar serious results have occurred from mine fires and explosions, 
latter sometimes causing even more disastrous results to life than do fires, 
© results have occurred cither because of the absence of barrier pillars or be~ 
6 the connecting heedinzs or openings were unguarded by fire- and explosion-~ 


‘sting stoppings and doors, 


: Under authority of an act of Congress, approved February 25, 1920, operating _ 
‘lations to sovern coal—nining methods and the safety and welfare of miners on 
‘ed lands on the public domain were formilatcd by the Bureau of Mines and approved 
he Secretary of the Intcrior, April 30, 1921. Sections 104a and 104d, which ine 
.@ essentially the recomm:ndations in decision 2=., also call for a lateral 
angth of stoppings to resist mine explosions havin™ a pressure of at least 50 . 
1ds per square inch on eitner side of the stoppinzs. Results of the tests made. 
she Bureau of Mines in conjunction with the Bureau of Standards and recommenda~ 
is Made for the construciticn of. stoppings were published in Bureau of Mines Bul- 
in 345, referred to previously (footnote 15. ne 13.)e 

Justifiable exception may be made to recomncndations of sealing all connections 
ugh a barrier pillar to an adjoining mine when, under conditions that. are liable 
arise,-there is neod of maintaining an escapcway through the barrier pillar and 
dining mine, provided, hovever, that adequate ventilation and timbering is maine 
ned in the escape passages on each side of the barrier and also provided that 
el or reinforced—concrete fire doors in sets of two or three are installed in 
stantial frames of steel and concrete, Additionaliy, in bituminous-coal mines, 
roved "rock-dust barriers"40/ for extinguishnent of coal—dust explosions should 
maintained in the escape passages on each side of the barrier pillar. 


_ As rogards removal of barrier pillars where there is not danger to property 
. lives, a Pennsylvania logislative act (1929) permits removal when approved by a 
lal commission for each specific case. 


Decision 26 tL/ allaying dusts harmful to breathe 
: in the air of mines and tunnels 
In the interest of health in mining and tunneling wherever 
dust is produced which is of such character3/ and in such concen~ 
tration®/ in the air of the working places as mny be harmful to 
breathe,’ the United States Bureau of Mines recommends; 


That the dust produced be. so wetted,¢/ trapped, &/ or other- 
wise treated,°/ and the place where men are working be so ventilated,!/ 
that there shall not be a harmful concentration in the air of the 


place. 


a/- Character of dust refers to size and composition, such as siliceous 
‘dusts and other dusts poisonous. in effect. | 
b/ Concentration of dust in air reéfers:to amounts, varying with the 
character, that will be harmful to breathe. ‘The determination 
of the amount for each specific dust:.and the method of sampling 
are subjects of research by the United States Bureau of Mines in 
cooperation with the U. S. Public Health Service. Reports and 


See footnotel}, p. 12. - 
| Approved June 2, 1934. : 
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tentative recommendations on these subjects are issued from 
tine to time by these organizations, 

c/ "Wetted" means as may be done by sprays or jets of water or 
chemical solutions: in drillins,; the wotting in the drill 
hole may be done by watersinjection drill or solution-in-~ 
jection drill. 

a/ "Trapped", as may be accommlished ty suction of the cust-laden 
air and collecting the dust. in an apparatus of one kind or 
another. 

e/ "Treated", as may be done by chemical solutions appliedy as stated 

above, by spravs, jets, or injection drills. 

"So ventilated", means by air currents of sufficient velocity and 
volume to carry avay from any working place harmful dust not 
caught by wetting or by trapping devices and, wherever possible, 
discharged into the return airways. 


& 


The increasing use of mechanization in mining and tunneling of various kixrés, 
with consequent concentration of work, is causing a greater procuction of dust i: 
any one working place, which naturally tends, where suitable precautionary meas 7: 
nre not taken, to increase the amount of. the dust in the air of the place, and cc: 
sequent exposure of the workers to breathing larger amounts of it. 


This situation has brought about greater health hazards and presents serious 
economic problems, not only in metal mines but in various kinds of mining opera- 
tions, including snafting, tunreling, ani quarrying, and also in mineral—prepare- 
tion plants. Apart from the need of humanitarian considerations, the rising burc: 
of personal compensation costs to the respective industry required greater pre 
cautionary measures to be taken by it than formerly, © 


The presence of large amounts of finely divided dust in the air of under- 
sround working places greatly reduces visibility, which is in itself a hazard ari 
is another good reason for taking all feasible precautionary measures to hold air 
dustiness in mining and tunneling to a minimum. This has been previously dise 
cussed in connection with wetting coal dust (decision 15, ppe 25, 26). 


Scientific physiological research in various countries has determined the 
deleterious character of some mine dusts of specific fineness and concentration 
in the air breathed. It has long been known, for example, that pure silica dus‘s 
of certain kinds, fineness, and concentration per unit volume of air breathed 
produce what is commonly known as silicosis or "miners! consumption." But it 
is now found that some silicate and other mineral dusts also. cause pulmonary 
troubles, 


It will require long-time laboratory and field investigations to determine 
the degree of hazard of each kind of dust produced in mining and tunneling and 
to standardize methods of sampling and testing the allowable maximum concentra 
tion in air for each specific dust. The application to special cases is com- 
plicated by the difficulty of determining the susceptibility of the individual 
worker and his previous exposure to breathing deleterious dust. <A further com 
plication arises because the concentration of dust in the air in any working 
place changes rapidly and with advance of a mining face or breast in passing 
through different formations, the character of the rock or ore encountered chanes 
as does the character of the dust of the working place which arises into the alr. 
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Moreover, workers are moved frequently from one working place to another in 
ine, or the worker may shift to another mine, thus making physioloszical 
nosis difficult. . 


! 
, Continued biological and field clinical stucies of workers by various organi~ 


,OnS, and improvement in the technique of methods of samplinz and testing the 
cee of concentration of dust in the air breathed, will doubtless lead to changes 
phe present tentative limits of particle size and allowable concentration in the 
, of dusts now known to be injuricus, and also in the precautionary methods to. be 
2n. Meantime, however, the protective measures for allaying or lessening the 
ant of dust produced in mining and tunneling, recommended in the foregoing de~ 
ion and in explanatory notes b, ¢, d, e, and f, of this decision should be fol~ 


Ode 


Publications on different phases of the various subjects mentioned in the last 
agraph are too numerous to cite here; among others, reference should be made to 
se issued by the U. S. Bureau of Mines and the U. S. Public Health Service. 


Decision 27, 2/ construction of shaft linings as concerns fire~ 
proofing and ventilation 


In the interest of safety, the United States Bureau of 
Mines recommends: ; 


ls ‘That the lining of all mine shafts shall be fireproof .43/ 


2. -That the lining, so far as feasible, be smooth and 
without projections or recesses, so as to prevent: 

(a) Turbulence of the ventileting current; 

(>) Accumulation of dust, especially inflammable dust; 

(c) lLodgment of rock or other material. | 


The Bureau of Mines recommended in section 2, decision 7, "that the main in- 
ke shaft lining be of fireproof construction and that there be a minimum amount . 
inflammable material in or adjacent to the shaft." This recomnendation is not 
tended to prevent the use of wood guides. Construction of shaft lining with non= 
noustible material has been used to a limited extent in the United States but is 
e general practice in European mines, where most shaft linings are brick or con~ 
ete, or iron tubbing, through water—bearing ground and are circular or elliptical 
cross fection. For a long-lived shaft, such form and noncombustible construc- 

on is highly desirable because it is strong and nermanent and offers the minimum 
sistance to air flow. 


In the United States, however, most shafts are wood~lined and rectangular in. 
ss section and as yet only a small proportion are fireproofed, or of noncom~ 
stible construction, except where fireproofing is required by State mining regue 
tions, as in Illinoist4/. since the Cherry mine fire disaster, but there is a grow~ 
e feeling among mine operating men that shafts should be fireproofed ~ particue 
rly intake air shafts and shafts used for escape purposes. 


As many disastrous fires in both metal and coal mines have occurred in or been 
afety and 


nnected with wood-lined shafts, it is evident that in the interest of s y 

/ Approved July 13, 1935. 

/ Webster's dictionary (1924) defines "Fireproof: proof against fire; relatively 
incombustible." — | 

/ See "Fire-Fighting Equipment in Coal Mines" (effective July 1, 1910), Illinois 
General Mining Laws (Sec. 6, a and b). 
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fire preventien, cs well as for permanence, all m&in-shaft linings should be Cote 
structed of incombustible material. If, however, ,wooden lining is usce it sheo 
be made fire-resisting, as by covering with cemen@-sand coating or gunite reir 

forced with wire mesh. | 3 


Most wooden shaft linings are mde of frames or horizontal sets of square 
timbers placed 3 to 5 feet (vertically) apart, with plank lagging behind the ‘rz: 
in contact with the rock or ground: but when the strata aprear solid the lagri:: 
sometimes is omitted, In either case the timber sets form deep recesses in tre 
sides of the shaft 6 to 8 inches, or even 12 inches deep in heavy ground, in é? 
forming wide shelves, 


The effect of these recesses is: 


1. That much ventilating power is lost through air turbulance whore an 2: 
current traverses a rough duct, compared with traversing a smooth lined duct. 


Co Dust collects in these shaft recesses, The dust in some cases may be 
highly inflammable, such as coal dust and pyritic dust carried by air currents 6: 
otherwise in the shaft. Such dust, when in a dense cloud, has propagated exlo- 
sions into the mine workings from igniti-ns by open lights or electric "shoris’ 
or arcs in the surface tipple building. 


3e ‘The recesses catch pieces of rock or coal — often of large size ~ fall:y 
from cages or skips or from tne surface. These loose pieces subsequently may ‘e 
dislodged by air currents, by the falling of other pieces, or by some shock, 2 
may fall on persons on hoisting cages or at the shaft landings, 
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